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(54) Preparation of starch reinforced rubber 



(57) The invention relates to the preparation of a 
rubber composition containing starch/plasticizer com- 
posite reinforcement, together with at least one addi- 
tional reinforcing filler, through the utilization of a 
combination of an organosilane disulfide compound 
mixed with a rubber composition in a preparatory, non- 
productive, mixing stage(s) followed by adding an orga- 
nosilane polysulfde compound in a subsequent, pro- 
ductive, mixing stage. The invention further relates to 
the resulting rubber composition and use thereof in rub- 
ber products, including tires. 
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KLmeofe^S^I ^ oS ^'T" 0 " ^ IT** '* e '* 1 " i ' S - reintao.no .Here 

mica. talc, titanium do^r^ee^c^ S ft """f ,uSbe ' P**™* *«*. kac4in clay. 

Sue eportfibers CrCS^SSl ^ """""J' P^eCI '*" e < , si " cl ■» « te "« 

=ait us... ,«,.3t ^,ss,r^s:^r:» 

<™n^L"m^ 

pudlisPed by°Van ^SZ I^ ^ ZZZt^^ZZ^ Z:^ ™— » aa *-« 
t^open^^ 

primarily because rubber compositions are normal^nmr^cLT ? t9d USe many rubber P ro °ucts. 

ents at temperatures in a r^ 40^ blen ? ng rubber 

high enough temperature to cause the starch fwith S ! ' 3nd somet,mes "P to 180°C which is not a 

ciently b.end wTthe ubUr SSSSTS^^S^SX!^!*^ 2 °°° C) t0 effeCtive,y melt and effi " 
".erubbercomposi^ 

S,y^ 

Kcen^^ 
^fe-asto^ 

Ston^fn 3 ^ Po.ysu«i d e with an average o, 3.8 

during typica. high'shear mixing o! a ^SSSlSS^ *" ^ 

tures of 100°C and above, depending somewhat ur«n thf lf ? ^ temperature such as, for example, at tempera- 
[0013] The smallTmoun^f frJT iZZm T * Polysuff.de used and the mixing temperature and time, 
ize. a diene-base7e, as 7omer *" ^ "** * * in aVai,aWe t0 COmbine with partially vu.can- 

ITaverage ^^SZsInt ^f^ b °5 ,an6 •*** iS pr ™ ri » a 

conditions, due to the relatively s °oTo sut £S k ' S n norma,ly a 0ood su,fur d °™ such mixing 
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any, occurs at a relatively slow rate during a high shear rubber mixing stage, even at a mixing temperature in a range 
of 150°C to 185°C depending somewhat upon the overall mixing conditions, including the mixing time itself. 
[0016] Bis-(3-triethoxysilylpropyl) disulfide, as a variety of organosilane disulfide, is also taught as being useful in 
silica-containing sulfur-vulcanizable elastomer compositions, even as a high purity form of such disulfide in, for exam- 
5 pie, US-A- 4,046,550 and DE-A- 2.360,471. However, it is considered herein that such disulfide does not ordinarily 
readily liberate free sulfur in such aforementioned rubber/silica/coupler mixing operation. 

[001 7] For examples of organosilane polysutfides for use as silica couplers, see US-A- 4.076,550; 4,704,414; and 
3,873.469. 

[0018] For examples of organosilane disulfides added in a preparatory, non-productive, rubber composition mixing 
10 stage, along with a small amount of free sulfur, see US-A-4,076,550; 5.580.919 and 5,674,932. 

[001 9] In practice, sulfur-vulcanized elastomer products are typically prepared by thermomechanically mixing rub- 
ber and various ingredients in a sequentially step-wise manner followed by shaping and curing the compounded rubber 
to form a vulcanized product. 

[0020] First, for the aforesaid mixing of the rubber and various ingredients, typically exclusive of free sulfur and sui- 
ts fur vulcanization accelerators, the elastomer(s) and various rubber compounding ingredients are typically blended in at 
least one, and usually at least two. sequential, preparatory thermomechanical mixing stage(s) in suitable mixers, usu- 
ally internal rubber mixers. Such preparatory mixing is often referred to as "non-productive mixing", or "non-productive 
mixing steps or stages". Such preparatory mixing is usually conducted at temperatures in a range of 140°C to 190°C 
and more often in a range of 140°C or 150°C to 185°C. 
20 [0021] Subsequent to such sequential, preparatory mix stage(s), free sulfur and sulfur vulcanization accelerators, 
and possibly one or more additional ingredients, are mixed with the rubber compound, or composition, in a final, pro- 
ductive, mix stage, typically at a temperature within a range of 100°C to 130°C, which is a lower temperature than the 
temperatures utilized in the aforesaid preparatory mix stage(s) in order to prevent or retard premature curing of the sul- 
fur-curable rubber, which is sometimes referred to as "scorching", of the rubber composition. 
25 [0022] Such sequential, non-productive, mixing steps, and the subsequent productive mixing step are well known 
to those in the rubber mixing art. 

[0023] By thermomechanical mixing, it is meant that the rubber compound, or composition of rubber and rubber 
compounding ingredients, is mixed in a rubber mixture under high shear conditions where it autogeneously heats up, 
with an accompanying temperature rise, as a result of the mixing primarily due to shear and associated friction within 
30 the rubber mixture in the rubber mixer. 

[0024] Such thermomechanical rubber compound mixing procedure and associated shear and accompanying tem- 
perature rise aspects are well known to those having experience in the rubber preparation and mixing art. 
[0025] In practice, it is believed that the inventors' prescribed procedure of (1) adding an organosilane disulfide 
compound in a non-productive rubber composition mixing stage, or step, followed by (2) subsequently adding an orga- 
ns nosilane polysulfide compound with a average of from 3.5 to 4.5 sulfur atoms in its polysuHidic bridge together with a 
small amount of free sulfur in a productive rubber composition mixing stage for a combination of starch composite and 
silica-based reinforced rubber composition, particularly as a means of controlling the associated sulfur/elastomer inter- 
action as well as interaction with a silane/starch. as well as additional silane/filler (ie: silane/silica) composite network 
product created by the reaction of the organosilane component of the organosilane disulfide compound with the starch 
40 composite reinforcement and with the silica-based reinforcement in the prior, preparatory, mixing stage(s), is novel and 
inventive in view of past practice. 

[0026] In one aspect, it is believed that a decoupling of an initial silane/starch composite and silane/silica reaction 
(via the organosilane component of the organosilane disulfide compound) and a subsequent release of free sulfur, and 
additional silane reaction, (via the subsequent addition of the organosilane polysulfide compound) to interact with the 
45 elastomer(s) in a sequential rubber composition mixing procedure is accomplished by using a combination of separate 
and selective addition of an organosilane disulfide compound (I) and subsequent addition of an organosilane 
polysulfide compound (II) followed by vulcanizing the rubber composition according to the procedure of this invention is 
a significant departure from past practice. 

[0027] In the description of this invention, the organosilane disulfide compound is used to describe an organosilane 
so polysulfide compound having an average of from 2 to 2.6 sulfur atoms in its polysurfidic bridge and the organosilane 
polysulfide compound is used to describe an organosilane polysulfide compound having an average of from 3.5 to 4.5 
sulfur atoms in its polysulf idic bridge. 

[0028] The term "phr" as used herein, and according to conventional practice, refers to "parts of a respective mate- 
rial per 100 parts by weight of rubber, or elastomer". 
55 [0029] In the description of this invention, the terms "rubber" and "elastomer" if used herein, may be used inter- 
changeably, unless otherwise prescribed. The terms such as "rubber composition", "compounded rubber" and "rubber 
compound", if used herein, are used interchangeably to refer to "rubber which has been blended or mixed with various 
ingredients and materials" and "rubber compounding" or "compounding" may be used to refer to the "mixing of such 
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materials-. Such terms are well known to those having skill in the rubber mixing or rubber compounding art 

SSwn-H k^IT* T e,astomer s T 9"' if used herein ' to a "glass transition temperature" which can be 
determined by a differential scanning calorimeter at a heating rate of 1 0°C per minute. 

Summary and Practice of the Invention 

[0031] in accordance with this invention, a process of preparing a rubber composition comprises the steps of: 

WC^SSS^^ 3t 1 aS l° ne preparator * mixi "9 ^ge and to a temperature within a range of 
l.astom!r\i^ ?!! ? add,t0n ° f free SU ' fur (1) 100 P 8 * ^ wei 9 nt of at least one diene-based 

a!S?ZZlTZ «»nj"9ated diene homopo.ymers and copolymers and copolymers of at least one conju- 

% L » Vmy ' com P° und ' < 2 > 30 ,0 «». alternatively 30 to 90. phr of particulate filler comS 

of a 14 to 90, alternately 5 to 20, weight percent starch/piasticizer composite, (b) 96 to 10 altemaSvely^oS 

zmssz a vr ast , one addHionai reinforcin9 fi,,er se,ected fr ° m «■* -unJjrnssss 

hv^rox deS 2, leaSt h ° ne 0f P^P^ted silica, aluminosi.icate. and modified carbon black containing silicon 

to S and hi a^w 6re,n T d Sta ? 15 ""^ ° ,amy,OSe unte and ^'opectin units in a ratio of 15/85 
♦ iT. ^ softening po.nt according to ASTM No. D1228 in a range of 180°C to 220"C and where said 

^SSSZSZTIZ r "** " 8 ran9e ° f 1 10 ° C, ° 17 °° C AS™ No D1228. and 

(3) 0.05 to 20. alternatively 0.05 to 10. parte by weight per part by weight of said starch/piasticizer composite alu- 
mina and silica-based filler of at least one organosilane disulfide compound of the formda (?) C ° mpOSrte - a,u 

2-Rl-Sn-R1-Z ^ 

followed by: 

B) mixing therewith in a subsequent mixing step to a temperature within in a range of 100°C to 130°C at least one 
organosilane polysulffcie compound of the formula (II) and free sulfur: wherein the total of ft ree sutfuT addS and 

in the po,ysu,,idic brid9e of said poWM sutfur is in a ^mST££ 

Z-Rl-Sm-R1-Z 

wherein, n is a number in a range of from 2 to 6 and the average for n is within a range of from 2 to 2 6- 
wherein m is a number of from 2 to 8 and the average for m is within a range of 3 5 to 4 5- 
wherein Z is selected from the group consisting of: 

R2 R2 



R3 

1 I I 

40 (Z1 > si "R2 (22) Si-R3 (Z3) Si-R3 

' I I 

R3 R3 and R3 

45 
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Ttn ll^H ^ . 6 k* ° f diff6renl and iS individua,, y Elected from the group consisting of alkyl group having 
vlTZ^r^T Pre,6rably fr ° m ^ 3nd radiCa,S; R3 ma * be * e same ° r di «erem Z isTrS? 
E7Eli!2S ? r, CO : S,St " 19 ° f 9r0UpS havi " 9 1 10 4 carbon atom * P he "y'. a 'k°xy groups hav- 
Lnd R1 fs se^ IZT. ^ V*** ** 5 10 8 PrMiY ff0m m * h * ^ylTroups; 

^irn Ilfl J? J? 6 9 IT C ° nS,Stm9 of a su bstituted or unsubstituted alkyl group having a total of 1 to 18 
carbon atoms and a substituted or unsubstituted aryl group having a total of 6 to 12 camon atoms 



I°!h 2 ic ' n PraCti 1 C6, bS ! Ween e3Ch mixin ° ^ the rubber composition is allowed to cool to a temperature below 40»C 
such as. for example, within a range of 40°C to 20°C ie» veraiure Deiow w u 

^*Ji££&*£ TjaSZ 2? ^ Tl <"°"1«***.> m™ 9 steps may be in a range of two 
S fSS?*i hi *° thfee minutesfor ^ subsequent (productive) mixing step. 

[0034] For said formula (I), the organosilane polysulf tie compound is. primarily, an organosilane disulfide as a mix- 
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ture of organosilane polysulfides, in which at least 55, usually at least 65, percent of n is 2. and preferably 80 to 100 
percent, of n is 2. 

[0035] For said formula (II), the organosilane polysulfide compound is a mixture of organosilane polysulfides in 
which at least 70 percent, and preferably 80 to 100 percent, of m is in a range of 3.5 to 4.5. 

5 [0036] In one aspect, the organosilane polysulfide compound of formula (II) has a property of releasing at least a 
portion of its sulfur at a temperature in a range of 150°C to 185°C. In particular, it may be considered, depending upon 
the selection and amount used of an organosilane polysulfide compound, that the tree sulfur released from said orga- 
nosilane polysulfide compound (formula II) during the molding and curing of the rubber composition at an elevated tem- 
perature in a range of U0°C to 185°C may, for example, be within a range of 0.13 to one phr. 

10 [0037] An overall philosophy of this invention is considered herein to be in a sense of separately and selectively first 
promoting an initial silane reaction with the reinforcing fillers, including the starch/plasticizer composite, without appre- 
ciable premature release of free sulfur and then, subsequently, promoting both a release of free sulfur and a further 
silane reaction with the product of the first silane reaction. A particular benefit is seen that preventing a premature 
release of free sulfur enables a lower viscosity of the rubber composition even under high severity mixing conditions 

is required for a maximization of filler dispersion and polymer-filler interaction. A further benefit is a later combination of 
free sulfur generation coupled with a subsequent and additional silane reaction. 

[0038] This is accomplished by the manipulation of first mixing the organosilane disulfide compound (I) with the 
elastomer(s) and reinforcing fillers, including the starch composite, followed by subsequently and separately mixing the 
organosilane polysulfide compound (II) with the rubber and silane-filler network product. 

20 [0039] It is considered that such process is novel and a significant departure from past practice. 

[0040] In practice, then, a viscosity build-up of the rubber composition during its preparatory, non-productive, mix- 
ing stage(s) due to a premature partial vulcanization due to a release of free sulfur from a organosilane polysulfide (II) 
having an average of 3.5 to 4.5 sulfur atoms in its polysulfidic bridge is avoided. However, the benefits of the reaction 
of the organosilane component of the organosilane disulfide compound (I) with the reinforcing fillers, including the 

25 starch/plasticizer composite, is still obtained. 

[0041] By then subsequently adding the organosilane polysulfide compound in the productive stage at lower tem- 
perature mixing conditions and allowing the added organosilane polysulfide compound to aid in the vulcanization of the 
rubber composition both by releasing free sulfur at the higher curing temperature and allowing the silane portion of 
organosilane polysulfide compound (II) to interact with the previously created organosilane/starch-plasticizer composite 

30 and the organosilane/filler (ie: silane/silica and/or silane/aluminosilicate) composite, or network of such composites. 
[0042] This aspect of the invention, as it is understood, is accomplished by first utilizing an organosilane disulfide 
compound (I) which has an active silane moiety but does not appreciably release free sulfur so that free sulfur is not 
liberated during the preliminary, non-productive, mixing stage(s) and so that sulfur can then be later and separately 
added via the hereinbefore described organosilane polysulfide compound (II) in the vulcanization of the rubber compo- 

35 sition. In this manner, the benefits of initially and selectively reacting the silane portion of the organosilane disulfide 
compound with the starch composite and silica-based filler is obtained but delaying the release of free sulfur, and addi- 
tional silane interaction until after both the initial preliminary non-productive mixing step(s) at the higher mixing temper- 
ature and the subsequent, productive, mixing step at the lower mixing temperature and until the vulcanization of the 
rubber composition at the higher temperature. 

40 [0043] In one aspect of the invention, such process is provided wherein said preparatory mixing is conducted in at 
least two sequential thermomechanical mixing steps of which at least two of such mixing steps are to a temperature in 
a range of 140°C to 185°C, with intermediate cooling of the rubber composition between at least two of said mixing 
steps to a temperature below 40°C. 

[0044] In further accordance with this invention, a rubber composition is provided as being prepared according to 
45 the method of this invention. 

[0045] In additional accordance with this invention, an article is provided having at least one component of said rub- 
ber composition. 

[0046] In further accordance with this invention, a tire is provided having at least one component of said rubber 
composition. 

so [0047] In additional accordance with this invention, a tire is provided having a tread of said rubber composition, par- 
ticularly where said tire tread is designed to be ground-contacting. 

[0048] In one aspect, the prepared rubber composition is vulcanized in a suitable mold at an elevated temperature 
in a range of 140°C to 185°C or 190°C. 

[0049] In additional accordance with the invention, the process comprises the additional steps of preparing an 
55 assembly of a tire of sulfur vulcanizable rubber with tread comprised of the said rubber composition prepared according 
to the process of this invention and vulcanizing* the assembly at a temperature in a range of 140°C to 185°C or 190°C. 
[0050] Accordingly, the invention also thereby contemplates a vulcanized tire prepared by such process. 
[0051 ] In the practice of this invention, the said starch is typically composed of amylose units and amylopectin units 
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thermomechanically mixed in the preparatory mixing stage(s), particularly where said alkyl silane has the formula: R- 
Si-(OR)3, where R is a methyl, ethyl, propyl or isopropyl radical and R" is a saturated alkyl radical having from 1 to 18 
carbon atoms, or an aryl or saturated alkyl substituted ary] radical having from 6 to 12 carbon atoms. Such aryl or sub- 
stituted aryl radicals might be, for example, benzyl, phenyl, tolyl, methyl tolyl, and alpha methyl tolyl radicals. 
[0067] A purpose of the alkyl alkoxy silane is. for example, to improve filler incorporation and compound aging. Rep- 
resentative examples of alkyl silanes are, for example but not intended to be limited to, propyltriethoxysilane, methyltri- 
ethoxy silane, hexadecyltriethoxysilane, and octadecyltriethoxysilane. 

[0068] In practice, as hereinbefore discussed, the organosilane polysulfide compound of formula (II) is added in the 
lower temperature productive mixing step, or stage, which subsequently liberates free sulfur at the higher temperature 
experienced during the molding and curing of the resultant rubber composition in which it is contemplated that the 
silane component of the organosilane polysulfide compound formula (II) reacts with the previously formed silane/silica 
and silane/starch composite network. 

[0069] While an actual calculation may necessarily have to be done on an individual basis, depending upon the 
actual number sulfur atoms in the sulfur bridge as well as other factors, the amount of free sulfur to be added in the pro- 
is ductive mixing stage, or step, plus the amount free sulfur liberated via the organosilane polysulfide compound of for- 
mula (II) is contemplated to be in a range of 0.13 to 4, alternatively 0.13 to 2.8, phr. This assumes that from 40 to 60 
percent of the sulfur of the organosilane polysulfide compound of formula (II) is liberated as free sulfur during the curing 
step. 

[0070] In practice, it is preferred that at least one phr of free sulfur and at least one phr of the organosilane 

20 polysulfide compound of formula (II) are added in the productive mixing stage. 

[0071] Vulcanization accelerators are conventionally added in the productive mixing stage. Some vulcanization 
accelerators are not conventionally considered as being sulfur donors in a sense of liberating free sulfur; it is appreci- 
ated that they may be, for example, of the type such as, for example, benzothiazole, alkyl thiuram disulfide, guanidine 
derivatives and thiocarbamates. Representative of such accelerators are, for example but not limited to, mercapto ben- 

25 zothiazole, tetramethyl thiuram disulfide, benzothiazole disulfide, diphenylguanidine. zinc dithiocarbamate, alkylphe- 
noldisulfide. zinc butyl xanthate, N-dicyclohexyl-2-benzothiazolesulfenamide, N-cyclohexyl-2-benzo- 
thiazolesulfenamide, N-oxydiethylenebenzothiazole-2-suifenamide, N.N diphenylthiourea, dithiocarbamylesulfena- 
mide. N,N diisopropylbezothiozole-2-sulfenamide, zinc-2-mercaptotoluimidazole. dithiobis (N methyl piperazine), dithio- 
bis(N beta hydroxy ethyl piperazine) and dithiobis(dibenzyi amine). Such materials are understood herein to be well 

30 known as sulfur vulcanization accelerators for sulfur vulcanizable elastomers to those having skill in the rubber com- 
pounding art. 

[0072] If desired, although not preferred in the practice of this invention, additional conventional sulfur donors may 
be added in the final, productive mixing stage, so long as the total amount of free sulfur added in the productive mixing 
stage and free sulfur liberated in the curing stage from the aforesaid organosilane polysulfide and the sulfur donor of 

35 this paragraph is in a range of 0.13 to 2.8 phr. Representative of such additional sulfur donors are, for example, thiuram 
and morpholine derivatives. Representative of such materials are, for example, dimorpholine disulfide, dimorpholine 
tetrasurfide, tetramethyl thiuram tetrasulfide, benzothiazyl-2,N dithiomorpholide. thioplasts, dipentamethylenethiurahex- 
asulf ide, and disulf idecaprolactame. Such materials are understood to be well known sulfur donors to those having skill 
in the rubber compounding art. To the extent that such sulfur donors are added in the productive mixing stage, the 

40 amount of free sulfur to be added is correspondingly reduced. 

[0073] For the filler reinforcement for this invention, silica-based pigments are contemplated which may be used in 
combination with carbon black. 

[0074] In one aspect of the invention, it is preferred that the silica-based filler is precipitated silica. 
[0075] In another aspect of the invention, it is preferred that the silica-based filler is a carbon black having silicon 
45 hydroxide on its outer surface. 

[0076] In further aspect of the invention, it is preferred that the silica-based filler is an aluminosilicate as a coprecip- 
itated combination of silica and aluminum with an aluminum content in a range of 0.05 to 10 percent of such silica/alu- 
minum filler composite. 

[0077] The carbon black having silicon hydroxide on its surface may be prepared, for example, by co-fuming an 
so organosilane and oil at an elevated temperature. 

[0078] In practice, the reinforcing filler may be comprised of 1 5 to 95 weight percent precipitated silica, alumina, alu- 
minosilicate and/or carbon black containing silicon hydroxide on its surface and, correspondingly, 5 to 85 weight percent 
carbon black. 

[0079] Where it is desired for the rubber composition, which contains both a starch composite and alumina and/or 
55 silica-based filler such as precipitated silica, aluminosilicates and/or carbon black having silicon hydroxide on its sur- 
face, and also carbon black reinforcing fillers, it is often preferable that the weight ratio of such silica-based filler(s) to 
carbon black is at least 1.1/1 and often at least 3/1 , even at least 10/1 and, thus, in a range of 1 .1/1 to 30/1 . 
[0080] For the aforesaid organosilane disulfide of formula (I) and the organosilane polysulfide of formula (II), repre- 
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SdfcST ^ radiCalS alky ' radiCalS repreSentative R1 radica,s are se,ected f '° m a'karyl, phenyl and haloaryl 
Sfalkyl ratals ^ 3SPeCt ° f inventi ° n ' the R2 and R1 radicals are exclusive. Preferably such rad.cals 

5 P^^adicKnTXr^' 68 ^ SUCh 3lkyl radiCa ' S methy '- ethyl n - pr0py ' and n " deCyl radica,s with the 

Si, JfSS^to'SS. 0 ' ara ' M radiCa ' S benZ/l 3,Pha ' a ' Pha radicals pre- 

u^d" 1 Representative sxam P'es of alkaryl radicals are p-tolyl and p-nonylphenol radicals if such radicals are to be 

SUS o representa,ive exam P ,e of a "aloaryl radical is a p-chlorophenol radical if such radical is to be used 
n*£L« JT"h!r« Ve e™"?** 5 01 ° r San°silane polysulf ties of the compound of formula (II) are. tor example and 
not .mended to be l.mrtmg, are b.s(3-trimethoxylsilylpropyl) trisulfide. bis(3-trimethoxylsilylpropyl) tetrasulfide bis(3-tri- 

- '^SSZ^^^^ ^~^toS trisu.de X 

IT? • Re P resertative examples of organosilane disulfides of the compound of formula (I) blend are for example 
2 f'Sli^S ? S d J? ide: 3 ' 3, - bis ( tri - e ^'y'P-Pyf) disulfide; 3.3-bis(triethoxysi«y,propW) Sde; 
t£5 $Z2S2l ^>*^%% Z ™W*^W#W) disulfide; 2, 2 vb i (,n-sec.butoxysS.ethy.) disulfide; Z.Z- 

20 SS'hJ TITS SUK ' de; 2 - 2 - b ' s (t r 'ethoxysi.y.eth yf tolylene) disulfide, 2,2-bis(tomethoxysily.ethyl tolylene) 
dfeuIS: ^^.'^P^P^d^e: S.S-bisftrioctoxypropy.) disulfide; 2.2^bis(2'-eWhexoWethyi 
disulf.de, 2.2-b.s(d.methoxy ethoxys.lylethyl) disulfide; 3.3-bi S (methoxyethoxypropoxysily propyl) disulfide 3 3 

bSSde^ 3 ^<^*^*^ 

butyl) d.sulf.de. 3 3 -b,s(tomethoxys.lyl-3-methylpro P yl) disulfide; 3,3-bis(tripropoxysi.yl-3-methylpropy )disulf ide 3 3- 
22?22? y ^''^^'P^) dis "»«« 3.3 -bis(trimethoxysi.yl-2-methy1propy.) disulfide 3^ iis(dim e thoxy. 
phenyls.ly^-2-methylpropyl) d.sulfde; 3.3'-bis (trimethoxysi.ylcyc.ohexy.) disulfide; 12.12-bis (trime hoxysilyldodecyl) 
(Wethoxysilyldodecy.) disulfide; 18.18 -bis (trimethoxysi.yloctadecy.) disulfide; 18 1 SmeS ! 
TSSTSSfiF ,fK f 5 ;f 2 - , - bis (trimethoxysi.y.-2-methylethy.) disu.de; 2,2'-bis (triethoxysi.y.-2-methyleS) 
£2? . ^^^'P^^'^^-methylethyl) disulfide, and 2.2 -b l s(trioctoxysilyl-2-methylethyl) disuKide 

disu,,kle is pre,erred which may also be represented as bis -< 3 - 

[0089] In the practice of this invention, as hereinbefore pointed out. the rubber composition is comprised of at least 
one d.ene-based easterner, or rubber. Suitable conjugated dienes are isoprene andTs-butad^Tnd suitaLe vinv 

ZZ^SS^? ■2TT a,pha - meth y' s ^ ene Thu ^ ■ * considered that the elastomer is a slrSrable 
elastomer Such d.ene-based elastomer, or rubber, may be selected, for example, from at least one of cis 1 4-oolviso- 

f^Zn^Z £ 0r9an ' C S °, ,Ut,0n P o| y merization P' e P^ styrene/butadiene rubber. 3,4-polyisoprene rubber 
iwprene/butad.ene rubber, styrene/isoprene/butadiene terpolymer rubbers, cis 1 ,4-polybutadiene medium vinyl DOlvb- 

""IS^SS^r* hi9h Viny ' ^ ^ Per^nyl). sty'e^eTe^pT 

40 ^yw^S^ ^ st y ren ^d.ene/acry.onitri.e terpolymer rubber and butadiene/acryionrtri 

[0090] By emulsion polymerization prepared E-SBR. it is meant that styrene and 1 ,3-butadiene are copolymerized 
ex^rmVtoSoS"' SUCh are KnOWn ,0 *° Se SkiHed ^ SUCh ^ b ° Und S * rene contonTca^yt 
sn^nrL™^^ 01 ^" po,ymer ; zati ° n PWed SBR (S-SBR) typically has a bound styrene content in a range of 5 to 

° P&K ?t I S ' SBR be convenient| y P re P ared - ** e^mple. by organo lithium catenation 
in the presence of an organic hydrocarbon solvent. 

[0092] As hereinbefore discussed, the precipitated silicas employed in this invention are precipitated silicas such 
as, for example, those obta.ned by the acidification of a soluble silicate, e.g.. sodium silicate. Such precipitated siSs 

HaVin9 Ski " " SUCH AIS °' 3S hereinbef0 - dis -ssed. a variation of aluminosSl^n em! 
plated is obtained by co-prec.pitating silica and aluminum. 

[0093] Such precipitated silicas might be characterized, for example, by having a BET surface area as measured 

S^o m s^Sf* may alS0 1| ba ^P ical| y characterized by having a dibutylphthalate (DBP) absorption value in a range 
of 1 00 to 350 , and more usuall y 1 50 to 300 ml/1 OOg. u 

[0095] Further, the silica, as well as the aforesaid alumina and aluminosilicate..may be expected to have-a CTAB 
surface area ,n a range of 100 to 220. The CTAB surface area is the externa, surface area as evaluated by cety. trimih 
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ylammonium bromide with a ph of 9. The method is described in ASTM D 3849 for set up and evaluation. The CTAB 
surface area is a well known means for characterization of silica. 

[0096] Mercury surface area/porosity is the specific surface area determined by Mercury porosimetry. For such 
technique, mercury is penetrated into the pores of the sample after a thermal treatment to remove volatiles. Set up con- 
5 ditions may be suitably described as using a 100 mg sample; removing volatiles during two hours at 1 05°C and ambient 
atmospheric pressure; ambient to 2000 bars pressure measuring range. Such evaluation may be performed according 
to the method described in Winslow, Shapiro in ASTM bulletin, page39 (1959) or according to DIN 66133. For such an 
evaluation, a CARLO-ERBA Porosimeter 2000 might be used. 

[0097] The average mercury porosity specific surface area for the precipitated silica should desirably be in a range 
io of 100 to 300 m 2 /g. 

[0098] A suitable pore size distribution for the silica, alumina and aluminosilicate according to such mercury poros- 
ity evaluation is desirably considered herein to be: five percent or less of its pores have a diameter of less than 10 nm; 
60 to 90 percent of its pores have a diameter of 10 to 100 nm; 10 to 30 percent of its pores have a diameter of 100 to 
1000 nm; and 5 to 20 percent of its pores have a diameter of greater than 1000 nm. 
15 [0099] The silica might be expected to have an average ultimate particle size, for example, in the range of 0.01 to 
0.05 micron as determined by the electron microscope, although the silica particles may be even smaller, or possibly 
larger, in size. 

[0100] Various commercially available silicas may be considered for use in this invention such as, only for example 
herein, and without limitation, silicas commercially available from PPG Industries under the Hi-Sil trademark with des- 
20 ignations Hi-Sil 210, 243. etc; silicas available from Rhone-Poulenc, with, for example, designation of Zeosil 1 165MP, 
silicas available from Degussa AG with, for example, designations VN2 and VN3. etc and silicas commercially available 
from Huber having, for example, a designation of Hubersil 8745. 

[0101] Alumina, for the purposes of this invention, are natural and synthetic aluminum oxide (AI203). In some 
cases, alumina has been used for such purpose either alone or in combination with silica. The term "alumina" can be 
25 described herein as "aluminum oxide, or AI203". Use of alumina in rubber compositions, can be shown, for example, in 
US-A- 5,1 16.886 and EP-A- 631 .982. 

[0102] It is recognized that alumina can be in various forms, namely, acidic, neutral and basic forms. Generally, it is 
considered herein that the neutral form may be preferred. 

[0103] Aluminosilicates, for the purpose of this invention, can be used as natural materials or synthetically pre- 
30 pared, particularly the co-precipitated silica and aluminum. For example, see US-A- 5,723,529. 

[0104] In general, the term "aluminosilicates" can be described as "natural or synthetic materials where the silicon 
atoms of a silicon dioxide are partially replaced, or substituted, either naturally or synthetically, by aluminum atoms". For 
example, 5 to 90, alternatively 10 to 80 percent of silicon atoms of a silicon dioxide might be replaced, or substituted, 
naturally or synthetically, by aluminum atoms to yield an aluminosilicate. A suitable process for such preparation might 
35 be described, for example, as by a co-precipitation by pH adjustment of a basic solution, or mixture, of silicate and alu- 
minate also, for example, by a chemical reaction between Si02. or silanols on the surface of a silicon dioxide, and 
NaAI02. For example, in such co-precipitation process, the synthetic co-precipitated aluminosilicate may have 5 to 95 
of its surface composed of silica moieties and, correspondingly, 95 to 5 percent of its surface composed of aluminum 
moieties. 

40 [0105] Examples of natural aluminosilicates are, for example, Muscovite, Beryl, Dichroite, Sepiolite and Kaolinite. 
Examples of synthetic aluminosilicates are, for example, Zeolite and those which might be represented by formulas 
such as, for example, [(AI2O3)x.(Si02)y.(H20)z]; [(AI203)x.(Si02)y.MO]; where M is magnesium or calcium. Use of 
aluminosilicates in rubber compositions, can be shown, for example, in US-A- 5,116,886. EP-A- 063,982, Rubber 
Chem. Tech. . Volume 50. page 606 (1988) and Volume 60, page 84 (1983). 

45 [0106] It is readily understood by those having skill in the art that the rubber composition would be compounded by 
methods generally known in the rubber compounding art. such as mixing the various suifur-vulcanizable constituent 
rubbers with various commonly used additive materials such as, for example, curing aids, such as sulfur, activators, 
retarders and accelerators, processing additives, such as oils, resins including tackifying resins, silicas, and plasticiz- 
ers, fillers, pigments, fatty acid, zinc oxide, waxes, antioxidants and antiozonants, peptizing agents and reinforcing 

so materials such as, for example, carbon black. As known to those skilled in the art, depending on the intended use of the 
sulfur vulcanizable and sulfur vulcanized material (rubbers), the additives mentioned above are selected and commonly 
used in conventional amounts. 

[0107] Typical amounts of reinforcing type carbon blacks(s) for this invention, if used, are hereinbefore set forth. It 
is to be appreciated that the silica coupler may be used in conjunction with a carbon black, namely, pre-mixed with a 
55 carbon black prior to addition to the rubber composition, and such carbon black is to be included in the aforesaid 
amount of carbon black for the rubber composition formulation. Typical amounts of tackif ier resins, if used, comprise 0.5 
to 1 0 phr, usually 1 to 5 phr. Typical amounts of processing aids comprise 1 to 50 phr. Such processing aids can include, 
for example, aromatic, napthenic, and/or paraffinic processing oils. Typical amounts of antioxidants comprise 1 to 5 phr. 
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Representative antioxidants may be. for example, diphenyl-p-phenylenediamine and others such as, for example those 
* 8 J°? d m ^eVanferhilt Rubber Handbook (197 8). pages 344-346. Typical amounts of antiozonants comprise 1 to 
5 phr. Typical amounts of fatty acids, if used, which can include stearic acid comprise 0.5 to 3 phr Typical amounts of 
zinc ox.de compnse 2 to 5 phr. Typical amounts of waxes comprise 1 to 5 phr. Often microcrystalline waxes are used 

25SSS55C^r^ 01 10 1 TVPiCal PSPt,ZerS b6 ' eXamP ' e - P ert - h '^opheno. and 
[0108] The vulcanization is conducted in the presence of a sulfur vulcanizing agent. Examples of suitable sulfur vul- 
canizing agents include, for example, elemental sulfur (free sulfur) or sulfur donating vulcanizing agents, for example 
an amine disulfide, polymeric polysulfide or sulfur olefin adducts which are conventionally added in the final productive' 
[iff 56 '' ITZ^T m,Xif19 StSp Pre,erabl * in most cases - th * sulfur vulcanizing agent is elemental sulfur. As known to 
nof« !!? .'"ft ' vu,canizin 9 agents are used, or added in the productive mixing stage, in an amount rang- 
ing from 0.4 to 3 phr, or even, in some circumstances, up to 8 phr. with a range of from 1 .5 to 2.5, sometimes from 2 to 
2.5, being usually preferred. 

[0109] Accelerators are used to control the time and/or temperature required for vulcanization and to improve the 
propert.es of the vulcanizate. In one embodiment, a single accelerator system may be used, i.e., primary accelerator 
Conventionally and preferably, a primary accelerator(s) is used in total amounts ranging from 0.5 to 4. preferably 0 8 to 
1.5 phr. In another embodiment, combinations of a primary and a secondary accelerator might be used with the sec- 
ondary accelerator being used in smaller amounts (of 0.05 to 3 phr) in order to activate and to improve the properties 
of the vulcanizate. Combinations of these accelerators might be expected to produce a synergistic effect on the final 
properties and are somewhat better than those produced by use of either accelerator alone. In addition, delayed action 
accelerators may be used which are not affected by normal processing temperatures but produce a satisfactory cure at 
ordinary vulcanization temperatures. Vulcanization retarders might also be used Suitable types of accelerators that 
may be used in the present invention are amines, disulfides, guanidines. thioureas, thiazoles, thiurams. suttenamides 
dith.ocarbamates and xanthates. Preferably, the primary accelerator is a sulfenamide. If a second accelerator is used" 
the secondary accelerator is preferably a guanidine. dithiocaibamate or thiuram compound 
[0110] The rubber composition of this invention can be used for various purposes For example it can be used for 
various tire compounds. Such tires can be built, shaped, molded and cured by various methods which are known and 
will be readily apparent to those having skill in such art. 

[0111] The invention may be better understood by reference to the following examples in which the parts and per- 
se centages are by weight unless otherwise indicated. 

EXAMPLE I 



TO 



15 



SO 



25 



35 



40 



45 



50 



55 



[01 12] Sulfur vulcanizable rubber mixtures containing starch/plasticizer composite and precipitated silica reinforce- 
ment were prepared and reported herein as experiments, or Samples. Ex 1 Ex 2 and Ex 3 

i 0 JA2r^,,fT™ r ' ^ EX \ 3S 3 C ! ntr ° l ' an or 9 anosi,ane tetrasulfide compound (II). namely bis-(3-ethoxysilylpro- 
pyl) tetrasulf.de compound, containing having an average of 3.8 sulfur atoms in its polysulfidic bridge is mixed with the 
rubber composition in a preparatory, non-productive, mixing stage in an internal rubber mixer 

I011 ^ ln partlcular ' for Ex 2 - als ° somewhat as a control, an organosilane disulfide compound, bis-(3-ethoxysilyl- 
propyl) disulfide of formula (I), having an average of 2.2 sulfur atoms in its polysulfidic bridge is mixed with the rubber 
composition in a preparatory, non-productive, mixing stage in an internal rubber mixer 

Eli h I'^S' a ?l in a ? cordance *»» this inventon f ° r Ex 3, an organosilane disulfide compound, bis-(3-ethoxys- 
Hyforopy ) d,sulfde of formula (I), having an average of 2.2 sulfur atoms in its polysulfdic bridge ismixed with the rubber 
compositoon and reinforcing fillers in a preparatory, non-productive mixing stage after which, in a subsequent productive 
mixing stage, an organosilane tetrasuHide compound. bis-(3-ethoxysilylpropyl) tetrasulfide of formula (II). having an 
Z7*Tf t*"^*™!!" itS V****** brid 9 e ' as w *» «s a small amount of free sulfur and vulcanizing accelera- 
nt . me fubber com P° sition in a fin a'. productive mixing stage in an internal rubber mixer 
E.!L P3r ; ,Cular - for Saye Ex 3 is int6 nded to be exemplary of this invention, 6.64 phr of the organosi- 
lane d.sutfide matenal formula (I) are added in the preparatory, non-productive mixing stage, and one phr of the orga- 
nosjlane polysulfide formula (II). and 1 .4 phr of sulfur are added in the productive mixing stage ° 
[01 1 7] Therefore, for the productive mixing stage, the calculated sulfur added (based upon 50 percent of the sulfur 
atoms in the po ysulfidic bridge of the organosilane polysulfide formula (II). is 1.4 phr (free sulfur) plus 0.13 phr (from 
the polysulfide) to equal 1 .53 phr It is to be appreciated that the actual sulfur may differ somewhat from the calculated 
sulfur depending upon the amount of sulfur released from the organosilane polysulfide formula (II) 

I?=Kc L SaCh HOT 0 St6P the rubber mixture was batched off on a mil1 - mil1 mixe d to a short period of time, and 

slabs of rubber removed from the mill and allowed to cool to a temperature of 30°C or lower 

■Jnol Rubber , COmpOSrti0nS containin 9 the maten als referenced in Table 1 were prepared in a BR Banbury mixer - 
usmg three separate stages of addition (mixing), namely, two preparatory mix stages and one final mix stage to tem- 
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peratures of 170°C, 160°C and 120°C and times of 8 minutes, two minutes and two minutes, respectively, for the three 
overall mix stages. The amounts of the organosilane tetrasulfide and organosilane disulfide are listed as being "varia- 
ble" in Table 1 and are more specifically set forth in Table 2. 



Table 1 



10 



75 



20 



25 



30 



35 



40 



45 



SO 



(Tread) 




Parts 


Non-Productive Mix Stages 


Isoprene/Butadiene Rubber 1 


90 


Cis 1,4-polybutadiene rubber 2 


10 


Processing Aids 3 


12 


Fatty Acid 4 


1.5 


Starch/plasticizer composite 5 


8 


Silica 6 


58 


Organosilane disulfide (A) 7 


Variable 


Organosilane polysulfide (B) 8 


Variable 


Productive Mix Stage 


Sulfur 9 


Variable 


Zinc Oxide 


2.2 


Antioxidant (s) 10 


2.5 


Sulfenamide & Guanidine Type Accelerators 


3.5 


Organosilane Polysulfide (B) 8 


Variable 



1) Isoprene/butadiene (50/50 isoprene/butadiene) copolymer 
elastomer having a Tg of -44°C obtained from The Goodyear 
Tire & Rubber Company. 

2) Cis 1 ,4-polybutadiene elastomer obtained as BUDENE® 
1 207 from The Goodyear Tire & Rubber Company. 

3) Oil. 

4) Primarily stearic acid. 

5) Obtained as Mater Bi 1 128RR from the Novamont company 
as a composite of starch and polyvinylaicohol piasticizer with a 
ratio of starch to plasticizer of 60/40. 

6) Zeosil 1 165 MP from Rhone Poulenc. 

7) A composite commercially available from Degussa AG as 
X266S in a form of a 50/50 blend, or composite, of Si266 (trade- 
mark of Degussa AG) and carbon black. The Si266 is a bis-(3- 
triethoxysilylpropyl) disulfide compound understood to have an 
average of 2.2 sulfur atoms in its polysulfidic bridge. Thus, the 
composite contains 50 percent of the coupling agent. 

8) A composite commercially available from Degussa AG as 
X50S in a form of a 50/50 blend of Si69, a trademark of Degussa 
AG, or what might be referred to as bis-(3-triethoxysilylpro- 
pyl)tetrasulfide compound having an average of 3.8 sulfur atoms 
in its polysulfide bridge, with carbon black and, thus, the tet- 
rasulfide is considered as being 50% of the composite and, 
therefore, 50% active. 

9) Obtainable as an S8 elemental sulfur from the Kali Chemie 
company of Germany. 

10) A phenylene diamine type. 



[01 20] The rubber compositions were cured (vulcanized) by heating for 1 8 minutes to a temperature of 1 50°C. The 
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addition of the organosilane disulfide compound, organosilane tetrasulfide compound and free sulfur and correspond- 
ing physical properties are shown in the following Table 2. 



Table 2 



10 



15 



20 



25 



30 



35 



40 



Sample # 



Exl I Ex 2 I Ex 3 



Non-Productive Mixing 



Organosilane Polysulfide (B) 


12.1 


0 


0 


Organosilane Disutfide(A) 


0 


12.1 


11.8 


Productive Mixing 








Sulfur 


1.4 


2 


1.4 


Organosilane Polysulfide (B) 


0 


0 


2 


Physical Properties 








Mooney 1 


52 


49 


45 


Rheometer 


(150°C) 


Delta Torque 


28.4 


32.4 


29.7 


T 90 , (minutes) 


13.8 


14.2 


13.6 


Stress-Strain 


Tensile Strength, MPa 


14.9 


14.3 


17 


Elongation at Break(%) 


397 


414 


460 


100% Modulus, MPa 


24 


2.6 


2.1 


300% Modulus, MPa 


11.3 


11.2 


10.7 


300/100 Modulus 


4.9 


4.5 


5.0 


Rebound 


100°C,(%) 


72 


69 


70 


23°C,(%) 


45 


42 


43 


Hardness 


Shore A 


65 


67.5 


62 



1) Mooney viscosity (ML-4) at 100°C of the rubber mixture 
from the productive mix stage. 



45 



50 



55 



[0121] In particular, Sample Ex 3 of this invention, when compared to Sample Ex 1 which used the free sulfur gen- 
erating organosilane tetrasulfide compound (II) in the high temperature non-productive mixing stage(s), clearly shows 
the advantage of alternatively (1) first adding the non-sulfur generating organosilane disulfide (I) in the non-productive 
mixing stage for its silane component to react with both the starch composite and the precipitated silica, (2) secondly 
adding, in the subsequent lower temperature productive mixing stage, the organosilane tetrasulfide compound (II) 
together with a small amount of free sulfur followed by (3) sulfur vulcanizing the rubber composition. 
[0122] In particular, the starch composite reinforcement based rubber composition properties of Sample Ex 3 of 
shows that the addition of the organosilane disulfide compound (A), namely a formula (I) compound during the non- 
productive mixing step plus the subsequent controlled addition of the bis-(3-triethoxysilylpropyl) tetrasulfide compound 
(B), namely a formula (II) compound, in the productive mixing step resulted in substantially increased tensile strength 
increased elongation and somewhat increased modulus ratio as compared to Samples Ex 1 and Ex 2 - where the orga- 
nosilane disulfide compound (A) or the organosilane polysulfide compound (B). respectively, was added in the non-pro- 
ductive mixing stage without significantly affecting the hot and cold rebound values. 

[0123] This is considered as being beneficial because it is considered herein that it is predictive of better treadwear 
(lower wear) for the rubber composition of Sample Ex 3 of this invention without significantly affecting wet traction and 
rolling resistance for a tire having a tread of such rubber composition. 
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[0124] Further, it is observed that the reduced Shore A hardness of Sample Ex 3, while still maintaining a high 300 
percent modulus, is an indication of reduced filler-to-filler interactions in the rubber composition while still maintaining 
high elastomer-to-filler interactions. This phenomenon is considered herein as being due to an improved dispersion of 
silica and starch composite within the elastomer. 

5 [0125] The balance of filler-to-filler interaction and elastomer-filler interactions, insofar as the Shore A value and 
300 percent modulus values are concerned, is considered herein as being significant and/or beneficial because the cre- 
ation of the somewhat softer rubber composition (Shore A hardness) while maintaining the stiffness (300 percent mod- 
ulus) is indicative of a tire having a tread of such composition exhibiting better traction and resistance to skidding on wet 
surfaces without appreciably affecting tire handling performance. 

io [0126] In addition, the lower Mooney plasticity values of the Samples Ex 2 and Ex 3, compared to Sample Ex 1 , as 
a measure of the viscosity of the rubber mixture, emphasizes the advantage of using the organosilane disulfide com- 
pound^) as compared to using the sulfur liberating organosilane tetrasulfide compound(B) in the non-productive mix- 
ing stage, as far as compound processing is concerned. 

[0127] Therefore, use of the organosilane disulfide compound (B) of formula (I) in the preparatory, non-productive 
is mixing, stage(s), while subsequently and separately adding the organosilane polysulfide compound (B) of formula (II) 
in the final, productive, mixing stage was observed to significantly improve various rubber composition properties 
accompanied by improved rubber processing in the non-productive mixing stage(i.e.: lower rubber viscosity). 
[0128] Accordingly, it is considered herein that it has been shown that, for the starch composite reinforced rubber 
composition, a combination of mixing the organosilane disulfide compound (B) with elastomer(s) and starch composite 
20 and precipitated silica in a preparatory, non-productive mixing stage(s), followed by subsequent addition of a prescribed 
organosilane tetrasulfide compound (B) in a final, productive, mixing stage at the lower temperature, enhances the 
physical properties of the cured, or vulcanized, rubber composition. By this preparation of the rubber composition, the 
silane interaction of a organosilane disulfide compound with a starch composite and silica reinforcement is separated 
from a liberation of free sulfur as well as further interaction of silane from the subsequently added organosilane tet- 
25 rasulfide compound (B). 

EXAMPLE II 

[01 29] Tires of size 1 95/65R1 5 were prepared having treads of the rubber compositions of Exs. 1 , 2 and 3 of Exam- 
30 pie I for their treads. The following results were obtained as shown in Table 3. For this Table, the values for Ex. 1 are 
normalized to 100 and the values of Ex. 2 and Ex. 3 are normalized to those of Ex. 1 ; 1 being normalized to a value of 
100 and corresponding values for Ex. 2 and Ex 3 being comparatively reported to the Control Ex. 1 . 
[0130] For the normalized values reported in Table 3, a higher value for rolling resistance means lower resistance 
to rolling so that a higher value is better; a higher value for treadwear means less tread wear so that a higher value is 
35 better; and a higher value for wet skid means greater traction and resistance to skidding on a wet surface so that a 
higher value is better. The tire handling value is a subjective test by a driver of a vehicle with test tire(s) mounted on one 
or more of its wheels in which a response (behavior) is evaluated to severe maneuver solicitations which might be expe- 
rienced, for example, during test lane changes at a high vehicular speed. It is considered herein that such test is well 
known to those having skill in such art. 

40 



Table 3 





Ex. 1 


Ex. 2 


Ex. 3 


Rolling Resistance 


100 


100 


100 


Treadwear 


100 


97 


108 


Wet skid 


100 


100 


102 


Tire handling 


100 


95 


100 



[0131] This Example demonstrates that a tire with a tread of the rubber composition of Ex. 3 was observed to pro- 
vide tire better treadwear values (lower wear) than the tires with treads of the rubber composition of Exs. 1 and 2 while 
not substantially affecting the rolling resistance and slightly increasing the wet skid resistance value without a tire han- 
55 dling drawback. 

[0132] This is considered herein to be advantageous because the wet skid, the rolling resistance and the com- 
pound processing are not affected. 
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Claims 



1. 



10 



30 



35 



A process of preparing a rubber composition characterized by comprising the steps of: 

S^rS^^'X^? 8 3t ? a H S l° ne preparator ^ mixin 9 sta 9 e and to a temperature within a range of 

£f£f« Z °l aMt,0n ° f fr6e SU,fUf 0 ] 1 00 parts by wei 9 ht of 31 least ° ne diene-based 
elastomer selected from conjugated diene homopolymers and copolymers and copolymers of at least one con^ 
jugated diene and aromatic vinyl compound. (2) 30 to 100 phr of particulate tier composed ol (a) » 90 

3E£T^ f o ^' aStiC i Zer COmP ° Site and " corres P°^"9'y. W 96 to 10 weight percent of af eas one 
additional renting filer selected from carbon black, alumina and silica-based fiHers selected from at leas* 

rhereiS'S^H 8 ' a,Umi l OSi ' icate ' and modif ied «rtoon black containing si.icon hydroxide on ,ts surface; 
wherem sa.d starch .s compnsed of amylose units and amylopectin units in a ratio of 1 5/85 to 35/65 and has a 

Sn^SeTs fSt 9 10 A t™ N ° 01228 " 3 ran9e ° f 18 °° C 10 220 ° C and where said starch/plasticizer 
composite has a softening po.nt .n a range of 1 10°C to 1 70°C according to ASTM No. D1228 and (3) 0 05 to 

20 parts by weight per part by weight of said starch/plasticizer composite, alumina and silica based ti er of at 
least one organosilane disulfide compound of the formula (I) : 



2-Rl-Sn-Rl-2 ^ 



so followed by: 



2*7^2^1 r d 3t '? St ° ne u ° r 9 anosilane Po'ysulfide compound of formula (I.) therewith in a subsequent 
mixing step to a temperature within in a range of 100°C to 130°C: 

Z-R1-Sm-Rl-Z , m 

25 (H) 

wherein, n is a number in a range of from 2 to 6 and the average torn is within a range of from 2 to 2 6 
wherein m is a number of from 2 to 8 and the average for m is within a range of 3 5 to 4 5 
wherein 2 is selected from the group consisting of: 



R2 R2 R 3 

1 I I 

(Zl) Si-R2 (22) Si-R3 (23) Si-R3 

1 I I 

R3 R3 and R3 



40 



45 



50 



55 



4. 



wherein R 2 may be the same or different and is individually selected from the group consisting of alkyl orouo 
having 1 to 4 carbons and phenyl radicals; R3 may be the same or different and is individual selecTed from 
Itom T 3 ^ ? diCa ' S haVinS 1 ,0 4 Cafb0n at0ms - phen ^ a,ko ^ radical * having 1 to 8 caZ 
TTt^iy V rad,Ca ' S WitH 5 10 8 Ca *° n at0ms 9roups; and R1 is selected f ™ the g?oup consisting 
ZlZTZT T TTT** a,kyl radica,s havi "9 a to tal of 1 to 18 carbon atoms and a substituted Z 
unsubstituted aryl radicals having a total of 6 to 1 2 carbon atoms. 

Jna ZZt of 0 HV^T* h - i0 Said Starch/ P ,asti ^ <»^te has a starch to plasticizer weight ratio 
n a range of 0.5/1 to 4/1 , and wherein for said mixing step (B) the total of free sulfur addition and fifty percent of 
the sulfur ,n the po.ysulf idic bridge of said polysulfide compound is in a range of 0.93 to 4 phr P 

The process of any of the preceding claims characterized in that said plasticizer is selected from at least one of 

than 160 C and suftoently below the softening point of the starch with which they are being combined so that the 
starch/plasticizer composite has a softening point in a range of 1 10«C to 1 70°C. 6 

^f-rfT™ a Z n, thS Pr6Cedin9 C ' aimS cnarac,erize ^ i" that the organosilane component of said organosilane - 
d,surf,de compound (!) ,s reacted during said preparatory mixing stage(s) with the starch composite and h^yl 
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groups of at least one of said aluminosilicate, precipitated silica and modified carbon black to form a silane-based 
composite thereof; wherein said subsequently added organosilane polysulfide interacts with the said previously 
formed silane-based composite and liberates free sulfur in a subsequent vulcanization of the rubber composition 
at a temperature in a range of 140°C to 190°C. 

c 

5. The process of any of the preceding claims characterized in that said preparatory mixing is conducted in at least 
two internal mixing steps for a total internal mixing time for said preparatory (non-productive) mixing steps in a 
range of four to 15 minutes and the mixing time for said subsequent (productive) internal mixing step is in a range 
of one to three minutes, and wherein between each mixing step the rubber composition is mixed on an open roll 
w mill for two to six minutes and thereafter allowed to cool to a temperature below 40°C; wherein said organosilane 
disulfide compound (I) and organosilane polysulfide compound (II) are bis-(3-alkoxysilylalkyl) polysulfide com- 
pounds in which the alky! radicals of the alkoxy component are selected from methyl and ethyl radicals and the alkyl 
radical of the silylalkyl component is selected from ethyl, propyl and butyl radicals. 

15 6. The process of any of the preceding claims characterized in that said organosilane disulfide compound (I) and 
organosilane polysulfide compound (II) are bis-(3-alkoxysilylalkyl) polysulfide compounds in which the alkyl radi- 
cals of the alkoxy component are selected from methyl and ethyl radicals and the alkyl radical of the silylalkyl com- 
ponent is selected from ethyl, n-propy! and butyl radicals. 

20 7. The process of any of the preceding claims characterized in that said organosilane disulfide compound (I) and said 
organosilane polysulfide compound (II) are individually added in a form of individual composites comprised of 25 
to 75 weight percent thereof and, correspondingly, 75 to 25 weight percent of particulate carbon black. 

8. The process of any of the preceding claims characterized in that said particulate reinforcement is comprised of (a) 
25 said starch composite and (b) said at least one precipitated silica, aluminosilicate and said modified carbon black; 

wherein said aluminosilicate is prepared by a co-precipitation of silicate and aluminum electrolytes to form a sil- 
ica/aluminum composite which contains from 5 to 95 weight percent aluminum, and wherein said modified carbon 
black is prepared by reacting an organosilane and carbon black at an elevated temperature of by co-fuming an 
organosilane and oil at an elevated temperature. 

30 

9. The process of any of the preceding ciaims characterized in that a total of 0.05 to 5 phr of at least one alkyl alkoxy 
silane is added to said preparatory thermomechanical mixing step(s); wherein said alkyl silane has the formula (II!): 

R'-Si-(OFT)3 (III) 

35 

where R" is selected from at least one of methyl, ethyl, propyl and isopropyl radicals and R* is a saturated alkyl hav- 
ing from 1 to 18 carbon atoms or aryl or saturated alkyl substituted aryl radical having from 6 to 12 carbon atoms. 

10. The process of claim 9 characterized in that said alkyl alkoxy silane is selected from at least one of propyltriethoxy 
40 silane, methyltriethoxy silane, hexadecyltriethoxy silane and octadecyltriethoxy silane. 

1 1 . The process of any of the preceding claims characterized in that, for said diene-based elastomer, said conjugated 
dienes are selected from isoprene and 1 ,3-butadiene and said vinyl aromatic compounds are selected from styrene 
and alpha-methylstyrene. 

45 

12. The process of any of the preceding claims characterized in that said diene-based elastomer is selected from at 
least one of natural and synthetic cis 1 ,4-polyisoprene rubber, emulsion polymerization prepared styrene/butadiene 
copolymer rubber, organic solution polymerization prepared styrene/butadiene copolymer rubber, 3,4-polyisoprene 
rubber, isoprene/butadiene rubber, styrene/isoprene/butadiene terpolymer rubbers, cis 1 ,4-polybutadiene rubber, 

so medium vinyl polybutadiene rubber (35-50 percent vinyl), high vinyl polybutadiene (50-90 percent vinyl) and emul- 

sion polymerization prepared styrene/butadiene/acrylonitrile terpolymer rubber and butadiene/acrylonitrile copoly- 
mer rubber. 

13. The process of any of the preceding claims characterized in that said organosilane disulfide for said organosilane 
55 disulfide compound is selected from at least one of: 

2,2'-bis(trimethoxysilylethyl) disulfide; 3,3'-bis(trimethoxysilylpropyl) disulfide; 3.3'-bis(triethoxysilylpropyl) disulfide; 
2,2'-bis(triethoxysilylethyl) disulfide; 2.2'-bis(tripropoxysiiylethyl) disulfide; 2,2 , -bi(tri-sec.butoxysilylethyl) disulfide; 
3,3'-bis(tri-t-butoxyethyf) disulfide; 3,3"-bis(triethoxysilylethyl tolylene) disulfide; 3,3-bis(trimethoxysilylethyl 
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i fT?? L «! : 3 ' 3 '- bis ( trils °P ro Poxy^opyl) disulfide; 3.3-bis(trioctoxypropyl) disulfide; 2,2-bis(2-ethylhexoxys- 
d£u2- fTS? : ,k 2 '* b ? di T h ° Xy ethox ^' et ^ disulfde; 3.3*is methoxyethc^^^ 
d.sutfide 3.3-b.smethoxy dimethylsHylpropyl) disulfide; 3,3-bis(cyclohexoxy dimethy.silyipropyl) disulfide 4 i 
b.s(tr,methoxys,lylbutyl) disulfide; 3.3--bis(trimethbxysilyl-3-methy. P ropyl) disulfide; 3,3 -bis(tHpropoxys,tT3 methyl- 
propyOd.suWe. 3^-bis<dimethoxy methy.si.yl-3-ethy.propy.) disulfide; S.ff^trima^^SliKS) 
disuKide; 3 3 -b e (d,methoxypheny l si l yl-2-methylpropyl) disuse; 3.3-bis (trimethoxysily.cyclohexy^ 
^^TT'SSSV aiSUme - l2 ' 12 - biS < trie,t,ox Vsilyldodecyl) disulfide; VJ-bis (Jmethox^y 
8'18-b.s (methoxyd.methy.si.y.octadecy.) disulfide; 2.2--bis (trimethoxysi.y.-2-methy.erhyO 
SSiof i V ^'sulfide; 2,2-bis (tripropoxysily.-2-methy.ethyl) disulfide; and 2>- 
b.s(tnoctoxys.lyl-2-methylethyl) disulfide; and wherein said organosilane polysulfide for said oraanosilane 
££2Z { l?Z5? 'T, 91 * bis -(3-trimethoxy ls i.y. P ro P y.) trisulfde. *»££LZS^ 

erasulf.de. b.s-(3-tr,ethoxys.lylpropyl) trisulfide, bis-(3-triethoxysilylpropyl) tetrasulfide. bis-(3-triethoxysilyl e thyl 
tolylene) tnsulf.de and bis-(3-triethoxysilylethyltolylene)tetrasulfide. xrieinoxysi.yietnyi 

14 ' ^M^ C6SS 01 ^ ?n L precedin 9 c,aims characterized in that said organosilane disulfide for said organosilane 
disulfide compound (I) is 3,3'-bis (triethoxysilylpropyl) disulfide. 

15. The process of any of claims 1-13 characterized in that said oiganosilane disulfide for said organosilane disulfide 
EST; hL' S 3 - 3,bis ^°^ i '^oPy') and wherein said organosilane polysuK £ i foTsSd oJS 

lane polysulfide compound (II) ,s selected from at least one of bis-(3-trimethoxylsilylpropyl) trisulfide bis-(3-trimeth- 
oxylsilylpropyl) tetrasulfide. bis-(3-triethoxy S i.ylpropy1) trisulfide. bis-(3-triethoxy^ly.propy.) teirasuHide Ts 3- 
tr.ethoxys.lylethyltolylene) trisulfide and bis-O-triethoxysilylethyltolyleneJtatrasulfide. ( 

16 ' th h e e r ol 0 « 6SS ° f a 2 PreCSdin9 °' aimS charact6rized in «*» comprises an additional step of sulfur vulcanizing 
the resulting mixed rubber composition at a temperature in a range of from 1 40°C to 1 90°C. 

1? ' Jri^h? 5 ? dai 1L 16 chara ? erized in tnat ' for said m ™3 step (B) the total of free sulfur addition and fifty per- 
cent of the sulfur in the polysulf ri.c bridge of said polysulfide compound is in a range of 0.93 to 2.8 phr. 

1 8. A rubber composition characterized by being prepared by the process of any of the preceding claims. 

19. The process of any of the preceding claims 1-17 characterized by comprising the additional steps of shaoino said 

2%£T~T? fo :: 3 tirS ^ St0Ck " aPP,yi ° 9 Said lire tread stock t0 a tirfca?casf toTm a n 

mixfn^te L 3 ^ 1 ? 9 ^ ,Can !!i n9 MW aSSemb,y in a sui,ab,e mold to fofm a wherein for said 

noSSfoi > . 66 SU,,Ur addrt, ° n and ,ifty percent of the sul,ur in the Polysulf idic bridge of said 

polysulfide compound is in a range of 0.93 to 4 phr. 

2 °' 12!S2£ tn T °' T characterized ** comprising the additional steps of shaping said rubber 

EEE^JT 3 V T* St0CK ' aPP ' y,n9 Sa ' d t,re tr6ad "°* ,0 a rubber tire carcass to form an assemb* 
40 thereof and molding and vulcan.zing said assembly at a temperature in a range of 140°C to 190»C to form f 



10 



15 



20 



25 



30 



35 



\ a tire. 



45 



50 



21. A vulcanized rubber tire characterized by being prepared according to the process of claim 19 or 20. 

22. A tire characterized by having a component of the composition of claim 18. 

23. An article of manufacture characterizing by having at least one component of the rubber composition of claim 18. 

M " ^^f\T jUC ^ raCtertZed by bein ° S6,eCted fr ° m 31 ,eaSt ° ne ° f a be,t and a hose havi "9 at least 
component of the rubber composition of claim 1 8. 



one 



55 
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